There is an extensive literature on the public health aspects of shellfish bacteriology (Dodgson, 1928) . A great deal of excellent work has been carried out on the incidence and survival of such groups as the enteric pathogens (Salmonella, Shigella) and related coliform indicator organisms in shellfish grown under various conditions (Foote, 1895; Fabre-Domergue, 1912; Kelly and Arcisz, 1954) . As a result of this work, the practical conditions necessary for prevention and control of shellfish-borne infection are now well established. However, there is an almost complete lack of information concerning the bacterial types not derived from sewage associated with shellfish.
A comparison of the number of colonies obtained on count plates prepared from shellfish incubated at room temperature (circa 20 to 25 C) and at 37 C indicates that nonmesophilic bacteria probably comprise the bulk of the bacterial population of shellfish. One type of noncoliform microorganism said to be peculiar to shellfish belongs to the group of large Spirochaetae. This type of microorganism was described by Fantham (1907) from mussels, Spirochaeta anodontae, and by Dimitroff (1926) from oysters, Saprospira and Cristispira. In some published reports concerning the presence of coliform organisms in shellfish, casual reference has been made to the presence of other bacteria. Thus Joseph (1914) described the occurrence of spore bearing, asporogenous, pigmented, and nonpigmented bacteria in market oysters, Berry (1916) , and Geiger et al. (1926) other common "water bacteria," also in market oysters. Eliot (1926) found that the green fluorescent, yellow pigmented, nonpigmented, and "vibrio" groups of microorganisms rapidly increased in number during the spoilage of market oysters at 20 C. Tanikawa (1937) found that typical water bacteria of the genera Achromobacter, Pseudomonas, Flavobacterium, and AMicrococcus were of greatest importance in the spoilage of market oysters held at 0 C. The results of these spoilage studies are remarkably similar to the bacteriological findings for fin fishes held at similar temperatures (Shewan and Liston, 1956) , and, in the latter case, it has been quite well established that the spoilage organisms are derived from the flora of the living fish which is predominantly composed of asporogenous gram-negative rods (Georgala, 1958) . By analogy it seems not unreasonable to suspect that the spoilage bacteria in oysters are related to the normal bacterial population present in the living animal.
The purpose of this study was to determine the composition of the natural bacterial flora of oysters held under controlled natural conditions in various areas of Washington. Coliform counts were carried out to obtain some information concerning the degree of pollution of the environment, but the major portion of the investigation was concerned with noncoliform bacteria.
MATERIALS AND METHODS
Yearling Pacific (that is, Japanese) oysters, Crassostrea gigas, were obtained from Purdy, Washington, and were placed in floating trays in three different areas of Washington: fHood Canal, Oyster Bay, and Willapa Bay; a control group was maintained in the salt-water aquarium at the College of Fisheries. Samples of three oysters and 150 ml of seawater were takern from the aquarium weekly and from the floats every (SAB, 1957) . Pure cultures of all the organisms isolated in this study were streaked on basal agar plates for determination of colonial morphology and for tests of sensitivity to 0/129 vibriostat compound (Shewan et al., 1954) and to 2, 5, 10 unit Difco penicillin discs. Other tests and media used were as follows: litmus milk; seawater nutrient gelatin; 3Difco Laboratories, Inc., Detroit, Michigan. lead acetate agar slopes; methyl red; Voges-Proskauer; nitrate broth; indole; urea agar slopes; Koser's citrate broth; Hugh and Liefson oxidative and fermentative medium (Hugh and Liefson, 1953) ; lactose, glucose, maltose, mannitol, and sucrose fermentation tubes; and ammonia production. Temperature growth tests at 0, 25, and 37 C were carried out in a medium consisting of 0.5 per cent sodium chloride and 1 per cent peptone water. Routine tests and identification media were inoculated and incubated at 25 C (RT), but selective media for enterobacteria were incubated at 37 C. RESULTS There was no significant difference between the counts obtained in basal + 1 per cent glucose, basal, and oyster agar, which were always higher than those in the other media. Basal medium seemed to support Ill general, the bacterial population of ovsters is proteolytic in niatture, with only weak saccharolytic and reductive capacity. However, nearly 50 per cent of the organisms isolated were able to ferment glucose anaerobically.
DIscussioN
Coliform bacteria, as calculated from the total viable count and AWII'N values, never constituted more thani 0.5 per cent of the total viable flora in our oyster samples. The failure to isolate any of these organisms from count plates by our random selection procedure indicates that this is a true measure of the numerical insignificance of these types in the oyster. Nevertheless, the results show once again the ability of the oyster to concentrate coliform bacteria from seawater and underlines the public health significance of oysters as potential agents of enteric infection.
The general composition of the bacterial flora of the oysters studied by us is similar in outline to that indicated by the studies of Eliot (1926) and Tanikawa (1937) . Gram-negative rod forms predominate while gram-positive forms constitute a minor portion of the flora. The PseudomonasIVibrio group was found to be the largest single group, and members of the Achromobacteriaceac next largest. This distribution of generic types is very similar to that described by several workers for free swimming fish (Liston, 1957; Georgala, 1938) . There is, moreover, a striking resemblance betwYeen physiological characters of the oyster flora and that of the fish flora. In both cases proteolytic activity (as measured by litmus milk digestion and liquefaction of gelatin) is high while general saccharolytic activity is low. MIost of the organisms from both fish and shellfish are characteristic marine types exhibiting a partial or complete salt dependence demonstrated, in the case of the shellfish bacteria, by the growth stimulating 
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on November 3, 2017 by guest http://aem.asm.org/ Downloaded from effect of sodium chloride added to standard media. These bacteria are also psychrophilic and will grow readily at temperatures close to 0 C and poorly or not at all at 37 C. The major point of difference between the two floras is the rather high incidence of organisms able to ferment glucose anaerobically (Hugh and Liefson test) in the oyster flora. This may be related to a greater availability of glucose in the oyster as compared with free-swimming fish.
A more minor point in which the oyster and fish floras appear to differ is in the gram-positive representation. In fish, gram-positive bacteria have been reported to occur to the extent of 3 to 10 per cent (Liston, 1957; Georgala, 1958) The extent of the influence of external environmental factors on the bacterial flora of oysters is obviously important. It has been assumed by many bacteriologists that the bacterial populations associated with aquatic animals and particularly with sessile aquatic animals such as oysters, are directly related to the bacterial content of the surrounding water. According to this view, the types of bacteria occurring in oysters will vary depending on the flora of the environment. This view has been challenged in the case of fin fishes where, it has been argued, a definite fish "commensal" flora exists. The "commensal" flora hypothesis is supported by the uniformity of generic distribution observed in the floras of fish belonging to quite different taxonomic groups taken in widely separated parts of the world (Liston, 1959) . 
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The bacterial floras of the oysters tested in this investigation showed a high degree of similarity from area to area. Moreover, the similarity extended beyond the taxonomic groupings to biochemical groupings. The same organisms with the same biochemical properties were found in all areas. This general similarity would be explained on the earlier hypothesis by the assumption that all the environments were similar. That this is not so can be seen from the coliform MPN results (table 2) which indicate that the areas were subject to different degrees of sewage pollution. Moreover, the sites for the floats were selected to provide different water conditions at each place. It may be argued that the overriding environmental effects such as salinity and so-called antibacterial effect of seawater (ZoBell, 1946) are similar in all areas, so that the bacterial flora of the water is the same in all areas. Nevertheless, the proximity of the oysters to the shore would permit quite rapid transfer of terrigenous contaminant organisms and there is evidence in the coliform counts that even the more sensitive nonmarine types can survive for some time in seawater. Thus, the external water environment cannot exert the absolute control over the bacterial flora that this theory requires.
The assumption that the observed flora is in fact typical of the oyster rather than of its environment seems to be the simplest way of explaining the observations. One cannot, of course, dismiss completely the effect of environment on the oyster flora. Obviously, all microorganisms in the immediate vicinity of the oyster may gain access to it either fortuitously or as a result of the feeding activity of the mollusc. It seems probable that only those organisms which are well adapted to the microenvironment provided by the oyster will establish themselves as a signiificant component of the oyster flora. Organisms such as the coliform bacillus which are, in fact, ill-adapted for active growth under these conditions may survive and even multiply to a very small extenit in the oyster but will never attain a numerically significant status in the total bacterial population. The bacterial flora of the oyster which we suggest should be considered as a "commensal" flora, analogous to the "commensal" floras of fish (or for that matter of land animals), is composed essentially of typical marine psychrophilic bacteria well adapted physiologically to life within the microenivironimenit of the shellfish.
The large Spirochaetes described by Dimitroff (1926) and generally considered characteristic inhabitants of shellfish were not observed in any of the oysters examined in this survey. It is possible that our methods of examination (phase contrast, dark field, and direct illuminationi microscopy) were at fault. Another possibilty may be that the floatinig tray arranigement employed in our studies in which the oysters were under which the Spirillae described by Dimitroff could not survive.
The high incidence of proteolytic bacteria and of types capable of fermenting glucose in the natural flora may be of practical significance in post-mortem spoilage of food oysters. Eliot (1926) divided the spoilage process into three stages: acidity increase, abundant gas production, and proteolysis. He ascribed the major part of the spoilage to the "water forms" described as green fluorescent and yellow pigmented groups. Tanikawa (1937) showed that Achromobacter, Pseudomonas, Flavobacterium, and Micrococcus were responsible for spoilage of oyster meat stored at 0 C. Thus it appears that the natural flora of the oyster, as defined above, may be the major factor in spoilage. Methods of preservation should be directed, therefore, to dealing with this flora. [VOL. 8 In nonsterile food products, including those preserved by freezing, the possible survival of those bacteria frequently implicated in food-borne illness has important public health implications. Borgstrom (1955) in a review of the research in the area of the microbiology of frozen foods stated that additional studies could profitably be undertaken to elucidate more clearly the relationships which may exist between bacterial survival and the substrate on which the organism exists. Recently, the concept of the unique nature and requirements of the bacterial cell which has beeni frozen was forwarded by Bretz and Hartsell (1959 
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